




























































































































































































































































































































































































































Figure	 1.	Map	 showing	 the	 location	 of	 the	 ten	 study	 glaciers	 (Table	 S1)	 in	 east	 Greenland:	M3	 =	412	
Mogens	 3;	 T1	 =	 Tingmjarmiut	 1;	 AB	 =	 AP	 Bernstorffs	 Glacier;	 HG	 =	 Helheim	 Glacier;	 KG	 =	413	
Kangerdlugssuaq	Glacier;	 BG	 =	 Borggraven;	 VG	 =	 Vestfjord	Glacier;	 DJ	 =	 Daugaard-Jensen	Glacier;	414	
WG	=	Waltershausen	Glacier;	HK	=	Heinkel	Glacier.	The	location	of	Nioghalvfjerdsbræ	(NG),	which	is	415	
referenced	 but	 does	 not	 constitute	 one	 of	 the	 study	 glaciers,	 is	marked	with	 a	 star.	 Hydrological	416	
catchments	are	shaded,	and	the	divide	between	the	northern	and	southern	study	glaciers	at	~69°	N	417	
is	 marked	 with	 the	 dashed	 line.	 The	 sample	 locations	 for	 ocean	 reanalysis	 temperature	 for	 the	418	



















glacier.	Anomalies	 are	expressed	 relative	 to	 the	20-year	mean,	 and	all	 values	are	normalised	with	438	
respect	 to	 the	 observed	 range	 at	 that	 glacier.	 For	 ease	 of	 comparison,	𝑃	 is	 shown	 inverted	 (i.e.	439	






S’)	 and	 northern	 (‘All	 N’)	 trends	 (Figure	 3).	 Large	markers	 show	 time	 series	 that	 are	 significantly	446	
cointegrated	 at	p	 <	 0.05.	 Solid	 dots	 show	 instances	which	 are	 correlated	 at	p	 <	 0.05,	 but	 are	 not	447	
cointegrated	at	this	confidence	level.	No	marker	is	shown	where	the	time	series	are	not	significantly	448	
correlated	or	cointegrated.	The	dashed	line	separates	the	southern	(left)	and	northern	(right)	glacier	449	
subsets.	Statistical	values	are	given	in	Table	S2.	450	
	451	
	452	
	453	
Figure	5.	a-d.	Relationship	between	anomalies	in	terminus	position	(P’)	and	(a)	air	temperature	(TA’)	454	
(b)	runoff	(Q’),	(c)	ocean	temperature	(TO’),	and	ocean/atmosphere	forcing	(d)	M1’	and	(e)	M2’.	455	
Anomalies	are	shown	relative	to	the	20-year	mean	at	each	glacier.	f-j.	Relationship	between	overall	456	
change	in	terminus	position	(ΔP)	and	(f)	air	temperature	(ΔTA),	(g)	runoff	(ΔQ),	(h)	ocean	457	
temperature	(ΔT),	and	ocean/atmosphere	forcing	(i)	ΔM1	and	(j)	ΔM2.	In	each	case,	the	overall	458	
change	is	calculated	by	subtracting	the	mean	1993-1995	value	from	the	mean	2010-2012	value.	On	459	
all	plots,	blue	and	red	markers	denote	data	from	the	southern	and	northern	glaciers	subsets	460	
respectively,	and	black	lines	show	the	best	fit	to	all	data.	R2	values	(all	significant	at	p	<	0.05)	are	461	
shown	on	all	plots	except	(f)	and	(g),	which	are	not	significant	at	this	level.	Statistical	values	are	given	462	
in	Table	S3.	463	
	464	
	465	
Figure	6.	Change	in	terminus	position	P	at	the	(a)	southern	glaciers	and	(b)	northern	glaciers,	as	466	
observed	(solid	lines)	and	parameterised	based	on	equation	(1)	(dashed	lines).	P	is	shown	relative	to	467	
an	arbitrary	up-glacier	location,	as	in	Figure	2e-f.			468	
	469	
References	470	
Aschwanden,	A.,	Fahnestock,	M.	A.	and	Truffer,	M.	(2016)	'Complex	Greenland	outlet	glacier	flow	471	
captured',	Nature	communications,	7,	pp.	10524.	472	
Azetsu-Scott,	K.	and	Syvitski,	J.	P.	M.	(1999)	'Influence	of	melting	icebergs	on	distribution,	473	
characteristics	and	transport	of	marine	particles	in	an	East	Greenland	fjord',	Journal	of	474	
Geophysical	Research-Oceans,	104(C3),	pp.	5321-5328.	475	
Bamber,	J.	L.,	Griggs,	J.	A.,	Hurkmans,	R.	T.	W.	L.,	Dowdeswell,	J.	A.,	Gogineni,	S.	P.,	Howat,	I.,	476	
Mouginot,	J.,	Paden,	J.,	Palmer,	S.,	Rignot,	E.	and	Steinhage,	D.	(2013)	'A	new	bed	elevation	477	
dataset	for	Greenland',	Cryosphere,	7(2),	pp.	499-510.	478	
Bartholomaus,	T.	C.,	Larsen,	C.	F.	and	O'Neel,	S.	(2013)	'Does	calving	matter?	Evidence	for	significant	479	
submarine	melt',	Earth	and	Planetary	Science	Letters,	380,	pp.	21-30.	480	
Beenstock,	M.,	Reingewertz,	Y.	and	Paldor,	N.	(2012)	'Polynomial	cointegration	tests	of	481	
anthropogenic	impact	on	global	warming',	Earth	System	Dynamics,	3(2),	pp.	173-188.	482	
Benn,	D.	I.,	Cowton,	T.,	Todd,	J.	and	Luckman,	A.	(2017)	'Glacier	calving	in	Greenland',	Current	483	
Climate	Change	Reports,	pp.	1-9.	484	
Bevan,	S.	L.,	Luckman,	A.	J.	and	Murray,	T.	(2012)	'Glacier	dynamics	over	the	last	quarter	of	a	century	485	
at	Helheim,	Kangerdlugssuaq	and	14	other	major	Greenland	outlet	glaciers',	Cryosphere,	486	
6(5),	pp.	923-937.	487	
Carr,	J.	R.,	Vieli,	A.	and	Stokes,	C.	(2013)	'Influence	of	sea	ice	decline,	atmospheric	warming,	and	488	
glacier	width	on	marine-terminating	outlet	glacier	behavior	in	northwest	Greenland	at	489	
seasonal	to	interannual	timescales',	Journal	of	Geophysical	Research-Earth	Surface,	118(3),	490	
pp.	1210-1226.	491	
Carroll,	D.,	Sutherland,	D.	A.,	Shroyer,	E.	L.,	Nash,	J.	D.,	Catania,	G.	A.	and	Stearns,	L.	A.	(2017)	492	
'Subglacial	discharge-driven	renewal	of	tidewater	glacier	fjords',	Journal	of	Geophysical	493	
Research:	Oceans.	494	
Chauché,	N.,	Hubbard,	A.,	Gascard,	J.	C.,	Box,	J.	E.,	Bates,	R.,	Koppes,	M.,	Sole,	A.,	Christoffersen,	P.	495	
and	Patton,	H.	(2014)	'Ice-ocean	interaction	and	calving	front	morphology	at	two	west	496	
Greenland	tidewater	outlet	glaciers',	Cryosphere,	8(4),	pp.	1457-1468.	497	
Christoffersen,	P.,	O'Leary,	M.,	Van	Angelen,	J.	H.	and	van	den	Broeke,	M.	(2012)	'Partitioning	effects	498	
from	ocean	and	atmosphere	on	the	calving	stability	of	Kangerdlugssuaq	Glacier,	East	499	
Greenland',	Annals	of	Glaciology,	53(60),	pp.	249-256.	500	
Cook,	A.,	Holland,	P.,	Meredith,	M.,	Murray,	T.,	Luckman,	A.	and	Vaughan,	D.	(2016)	'Ocean	forcing	501	
of	glacier	retreat	in	the	western	Antarctic	Peninsula',	Science,	353(6296),	pp.	283-286.	502	
Cowton,	T.,	Sole,	A.,	Nienow,	P.,	Slater,	D.,	Wilton,	D.	and	Hanna,	E.	(2016)	'Controls	on	the	transport	503	
of	oceanic	heat	to	Kangerdlugssuaq	Glacier,	east	Greenland',	Journal	of	Glaciology.	504	
Dee,	D.	P.,	Uppala,	S.,	Simmons,	A.,	Berrisford,	P.,	Poli,	P.,	Kobayashi,	S.,	Andrae,	U.,	Balmaseda,	M.,	505	
Balsamo,	G.	and	Bauer,	d.	P.	(2011)	'The	ERA-Interim	reanalysis:	Configuration	and	506	
performance	of	the	data	assimilation	system',	Quarterly	Journal	of	the	royal	meteorological	507	
society,	137(656),	pp.	553-597.	508	
Dowdeswell,	J.	(2004)	Cruise	report	-	JR106b.	RSS	James	Clark	Ross.	NERC	Autosub	Under	Ice	509	
thematic	programme.	Kangerdlugssuaq	Fjord	and	shelf,	east	Greenland.	510	
Engle,	R.	F.	and	Granger,	C.	W.	J.	(1987)	'Cointegration	and	error	correction	-	representation,	511	
estimation	and	testing',	Econometrica,	55(2),	pp.	251-276.	512	
Fenty,	I.,	Willis,	J.	K.,	Khazendar,	A.,	Dinardo,	S.,	Forsberg,	R.,	Fukumori,	I.,	Holland,	D.,	Jakobsson,	M.,	513	
Moller,	D.	and	Morison,	J.	(2016)	'Oceans	Melting	Greenland:	Early	Results	from	NASA's	514	
Ocean-Ice	Mission	in	Greenland',	Oceanography.	515	
Ferry,	N.,	Parent,	L.,	Garric,	G.,	Drevillon,	M.,	Desportes,	C.,	Bricaud,	C.	and	Hernandez,	F.	(2012)	516	
Scientific	Validation	Report	(ScVR)	for	Reprocessed	Analysis	and	Reanalysis.	MyOcean	project	517	
report,	MYO-WP04-ScCV-rea-MERCATOR-V1.0.	518	
Fried,	M.	J.,	Catania,	G.	A.,	Bartholomaus,	T.	C.,	Duncan,	D.,	Davis,	M.,	Stearns,	L.	A.,	Nash,	J.,	519	
Shroyer,	E.	and	Sutherland,	D.	(2015)	'Distributed	subglacial	discharge	drives	significant	520	
submarine	melt	at	a	Greenland	tidewater	glacier',	Geophysical	Research	Letters,	42(21),	pp.	521	
1944-8007.	522	
Fürst,	J.,	Goelzer,	H.	and	Huybrechts,	P.	(2015)	'Ice-dynamic	projections	of	the	Greenland	ice	sheet	in	523	
response	to	atmospheric	and	oceanic	warming',	The	Cryosphere,	9(3),	pp.	1039-1062.	524	
Goelzer,	H.,	Huybrechts,	P.,	Fürst,	J.	J.,	Nick,	F.,	Andersen,	M.	L.,	Edwards,	T.	L.,	Fettweis,	X.,	Payne,	A.	525	
J.	and	Shannon,	S.	(2013)	'Sensitivity	of	Greenland	ice	sheet	projections	to	model	526	
formulations',	Journal	of	Glaciology,	59(216),	pp.	733-749.	527	
Granger,	C.	W.	and	Newbold,	P.	(1974)	'Spurious	regressions	in	econometrics',	Journal	of	528	
econometrics,	2(2),	pp.	111-120.	529	
Holfort,	J.,	Hansen,	E.,	Østerhus,	S.,	Dye,	S.,	Jonsson,	S.,	Meincke,	J.,	Mortensen,	J.	and	Meredith,	M.	530	
(2008)	'Freshwater	fluxes	east	of	Greenland',	Arctic-Subarctic	Ocean	Fluxes	Defining	the	Role	531	
of	the	Northern	Seas	in	Climate.,	304.	532	
Howat,	I.	M.,	Joughin,	I.,	Fahnestock,	M.,	Smith,	B.	E.	and	Scambos,	T.	A.	(2008)	'Synchronous	retreat	533	
and	acceleration	of	southeast	Greenland	outlet	glaciers	2000-06:	ice	dynamics	and	coupling	534	
to	climate',	Journal	of	Glaciology,	54(187),	pp.	646-660.	535	
Inall,	M.	E.,	Murray,	T.,	Cottier,	F.	R.,	Scharrer,	K.,	Boyd,	T.	J.,	Heywood,	K.	J.	and	Bevan,	S.	L.	(2014)	536	
'Oceanic	heat	delivery	via	Kangerdlugssuaq	Fjord	to	the	south-east	Greenland	ice	sheet',	537	
Journal	of	Geophysical	Research:	Oceans,	119(2),	pp.	631-645.	Available at: 538	
http://onlinelibrary.wiley.com/doi/10.1002/2013JC009295/abstract	(Accessed	01).	539	
Jakobsson,	M.,	Mayer,	L.,	Coakley,	B.,	Dowdeswell,	J.	A.,	Forbes,	S.,	Fridman,	B.,	Hodnesdal,	H.,	540	
Noormets,	R.,	Pedersen,	R.	and	Rebesco,	M.	(2012)	'The	international	bathymetric	chart	of	541	
the	Arctic	Ocean	(IBCAO)	version	3.0',	Geophysical	Research	Letters,	39(12).	542	
James,	T.	D.,	Murray,	T.,	Selmes,	N.,	Scharrer,	K.	and	O'Leary,	M.	(2014)	'Buoyant	flexure	and	basal	543	
crevassing	in	dynamic	mass	loss	at	Helheim	Glacier',	Nature	Geoscience,	7(8),	pp.	594-597.	544	
Jenkins,	A.	(2011)	'Convection-Driven	Melting	near	the	Grounding	Lines	of	Ice	Shelves	and	Tidewater	545	
Glaciers',	Journal	of	Physical	Oceanography,	41(12),	pp.	2279-2294.	546	
Joughin,	I.,	Howat,	I.	M.,	Fahnestock,	M.,	Smith,	B.,	Krabill,	W.,	Alley,	R.	B.,	Stern,	H.	and	Truffer,	M.	547	
(2008)	'Continued	evolution	of	Jakobshavn	Isbrae	following	its	rapid	speedup',	Journal	of	548	
Geophysical	Research:	Earth	Surface,	113(F4).	549	
Joughin,	I.,	Smith,	B.	E.	and	Medley,	B.	(2014)	'Marine	Ice	Sheet	Collapse	Potentially	Under	Way	for	550	
the	Thwaites	Glacier	Basin,	West	Antarctica',	Science,	344(6185),	pp.	735-738.	551	
Kaufmann,	R.	K.	and	Stern,	D.	I.	(2002)	'Cointegration	analysis	of	hemispheric	temperature	relations',	552	
Journal	of	Geophysical	Research-Atmospheres,	107(D1-D2).	553	
Lea,	J.	M.,	Mair,	D.	W.	F.	and	Rea,	B.	R.	(2014)	'Instruments	and	Methods	Evaluation	of	existing	and	554	
new	methods	of	tracking	glacier	terminus	change',	Journal	of	Glaciology,	60(220),	pp.	323-555	
332.	556	
Luckman,	A.,	Benn,	D.	I.,	Cottier,	F.,	Bevan,	S.,	Nilsen,	F.	and	Inall,	M.	(2015)	'Calving	rates	at	557	
tidewater	glaciers	vary	strongly	with	ocean	temperature',	Nature	Communications,	6.	558	
McFadden,	E.	M.,	Howat,	I.	M.,	Joughin,	I.,	Smith,	B.	and	Ahn,	Y.	(2011)	'Changes	in	the	dynamics	of	559	
marine	terminating	outlet	glaciers	in	west	Greenland	(2000-2009)',	Journal	of	Geophysical	560	
Research-Earth	Surface,	116.	561	
Mills,	T.	C.	(2009)	'How	robust	is	the	long-run	relationship	between	temperature	and	radiative	562	
forcing?',	Climatic	change,	94(3-4),	pp.	351.	563	
Moon,	T.,	Joughin,	I.	and	Smith,	B.	(2015)	'Seasonal	to	multiyear	variability	of	glacier	surface	velocity,	564	
terminus	position,	and	sea	ice/ice	mélange	in	northwest	Greenland',	Journal	of	Geophysical	565	
Research:	Earth	Surface,	120(5),	pp.	818-833.	566	
Murray,	T.,	Scharrer,	K.,	James,	T.	D.,	Dye,	S.	R.,	Hanna,	E.,	Booth,	A.	D.,	Selmes,	N.,	Luckman,	A.,	567	
Hughes,	A.	L.	C.,	Cook,	S.	and	Huybrechts,	P.	(2010)	'Ocean	regulation	hypothesis	for	glacier	568	
dynamics	in	southeast	Greenland	and	implications	for	ice	sheet	mass	changes',	Journal	of	569	
Geophysical	Research-Earth	Surface,	115.	570	
Murray,	T.,	Scharrer,	K.,	Selmes,	N.,	Booth,	A.	D.,	James,	T.	D.,	Bevan,	S.	L.,	Bradley,	J.,	Cook,	S.,	Llana,	571	
L.	C.,	Drocourt,	Y.,	Dyke,	L.,	Goldsack,	A.,	Hughes,	A.	L.,	Luckman,	A.	J.	and	McGovern,	J.	572	
(2015)	'Extensive	retreat	of	Greenland	tidewater	glaciers,	2000-2010',	Arctic	Antarctic	and	573	
Alpine	Research,	47(3),	pp.	427-447.	574	
Nick,	F.	M.,	Vieli,	A.,	Andersen,	M.	L.,	Joughin,	I.,	Payne,	A.,	Edwards,	T.	L.,	Pattyn,	F.	and	van	de	Wal,	575	
R.	S.	W.	(2013)	'Future	sea-level	rise	from	Greenland's	main	outlet	glaciers	in	a	warming	576	
climate',	Nature,	497(7448),	pp.	235-238.	577	
Rignot,	E.	and	Kanagaratnam,	P.	(2006)	'Changes	in	the	velocity	structure	of	the	Greenland	ice	578	
sheet',	Science,	311(5763),	pp.	986-990.	579	
Rignot,	E.,	Xu,	Y.,	Menemenlis,	D.,	Mouginot,	J.,	Scheuchl,	B.,	Li,	X.,	Morlighem,	M.,	Seroussi,	H.,	van	580	
den	Broeke,	M.,	Fenty,	I.,	Cai,	C.,	An,	L.	and	de	Fleurian,	B.	(2016)	'Modeling	of	ocean-581	
induced	ice	melt	rates	of	five	west	Greenland	glaciers	over	the	past	two	decades',	582	
Geophysical	Research	Letters,	43(12),	pp.	6374-6382.	583	
Seale,	A.,	Christoffersen,	P.,	Mugford,	R.	I.	and	O'Leary,	M.	(2011)	'Ocean	forcing	of	the	Greenland	584	
Ice	Sheet:	Calving	fronts	and	patterns	of	retreat	identified	by	automatic	satellite	monitoring	585	
of	eastern	outlet	glaciers',	Journal	of	Geophysical	Research-Earth	Surface,	116.	586	
Shreve,	R.	L.	(1972)	'Movement	of	water	in	glaciers',	Journal	of	Glaciology,	11,	pp.	205-214.	587	
Slater,	D.,	Goldberg,	D.,	Nienow,	P.	and	Cowton,	T.	(2016)	'Scalings	for	submarine	melting	at	588	
tidewater	glaciers	from	buoyant	plume	theory',	Journal	of	Physical	Oceanography,	in	press.	589	
Slater,	D.	A.,	Nienow,	P.	W.,	Goldberg,	D.	N.,	Cowton,	T.	R.	and	Sole,	A.	J.	(2017)	'A	model	for	590	
tidewater	glacier	undercutting	by	submarine	melting',	Geophysical	Research	Letters,	44(5),	591	
pp.	2360-2368.	592	
Straneo,	F.,	Hamilton,	G.	S.,	Stearns,	L.	A.	and	Sutherland,	D.	A.	(2016)	'Connecting	the	Greenland	Ice	593	
Sheet	and	the	Ocean:	A	case	study	of	Helheim	Glacier	and	Sermilik	Fjord',	Oceanography,	594	
29(4),	pp.	34-45.	595	
Straneo,	F.	and	Heimbach,	P.	(2013)	'North	Atlantic	warming	and	the	retreat	of	Greenland's	outlet	596	
glaciers',	Nature,	504(7478),	pp.	36-43.	597	
Straneo,	F.,	Heimbach,	P.,	Sergienko,	O.,	Hamilton,	G.,	Catania,	G.,	Griffies,	S.,	Hallberg,	R.,	Jenkins,	598	
A.,	Joughin,	I.,	Motyka,	R.,	Pfeffer,	W.	T.,	Price,	S.	F.,	Rignot,	E.,	Scambos,	T.,	Truffer,	M.	and	599	
Vieli,	A.	(2013)	'Challenges	to	Understanding	the	Dynamic	Response	of	Greenland's	Marine	600	
Terminating	Glaciers	to	Oceanic	and	Atmospheric	Forcing',	Bulletin	of	the	American	601	
Meteorological	Society,	94(8),	pp.	1131-1144.	602	
Straneo,	F.,	Sutherland,	D.	A.,	Holland,	D.,	Gladish,	C.,	Hamilton,	G.	S.,	Johnson,	H.	L.,	Rignot,	E.,	Xu,	603	
Y.	and	Koppes,	M.	(2012)	'Characteristics	of	ocean	waters	reaching	Greenland's	glaciers',	604	
Annals	of	Glaciology,	53(60),	pp.	202-210.	605	
Sugiyama,	S.,	Skvarca,	P.,	Naito,	N.,	Enomoto,	H.,	Tsutaki,	S.,	Tone,	K.,	Marinsek,	S.	and	Aniya,	M.	606	
(2011)	'Ice	speed	of	a	calving	glacier	modulated	by	small	fluctuations	in	basal	water	607	
pressure',	Nature	Geoscience,	4(9),	pp.	597-600.	608	
Todd,	J.	and	Christoffersen,	P.	(2014)	'Are	seasonal	calving	dynamics	forced	by	buttressing	from	ice	609	
melange	or	undercutting	by	melting?	Outcomes	from	full-Stokes	simulations	of	Store	610	
Glacier,	West	Greenland',	Cryosphere,	8(6),	pp.	2353-2365.	611	
Todd,	J.,	Christoffersen,	P.,	Zwinger,	T.,	Råback,	P.,	Chauché,	N.,	Benn,	D.,	Luckman,	A.,	Ryan,	J.,	612	
Toberg,	N.	and	Slater,	D.	(2018)	'A	Full-Stokes	3-D	Calving	Model	Applied	to	a	Large	613	
Greenlandic	Glacier',	Journal	of	Geophysical	Research:	Earth	Surface.	614	
Todd,	J.,	Christoffersen,	P.,	Zwinger,	T.,	Råback,	P.,	Chauché,	N.,	Benn,	D.	I.,	Luckman,	A.,	Ryan,	J.,	615	
Toberg,	N.,	Slater,	D.	and	Hubbard,	A.	(in	press)	'A	Full-Stokes	3D	Calving	Model	applied	to	a	616	
large	Greenlandic	Glacier',	Journal	of	Geophysical	Research:	Earth	Surface.	617	
van	den	Broeke,	M.,	Box,	J.,	Fettweis,	X.,	Hanna,	E.,	Noël,	B.,	Tedesco,	M.,	van	As,	D.,	van	de	Berg,	W.	618	
J.	and	van	Kampenhout,	L.	(2017)	'Greenland	Ice	Sheet	Surface	Mass	Loss:	Recent	619	
Developments	in	Observation	and	Modeling',	Current	Climate	Change	Reports,	pp.	1-12.	620	
Vieli,	A.,	Jania,	J.	and	Kolondra,	L.	(2002)	'The	retreat	of	a	tidewater	glacier:	observations	and	model	621	
calculations	on	Hansbreen,	Spitsbergen',	Journal	of	Glaciology,	48(163),	pp.	592-600.	622	
Walsh,	K.,	Howat,	I.,	Ahn,	Y.	and	Enderlin,	E.	(2012)	'Changes	in	the	marine-terminating	glaciers	of	623	
central	east	Greenland,	2000–2010',	The	Cryosphere,	6(1),	pp.	211-220.	624	
Wilson,	N.,	Straneo,	F.	and	Heimbach,	P.	(2017)	'Satellite-derived	submarine	melt	rates	and	mass	625	
balance	(2011–2015)	for	Greenland's	largest	remaining	ice	tongues',	The	Cryosphere,	11(6),	626	
pp.	2773-2782.	627	
Wilson,	N.	J.	and	Straneo,	F.	(2015)	'Water	exchange	between	the	continental	shelf	and	the	cavity	628	
beneath	Nioghalvfjerdsbrae	(79	North	Glacier)',	Geophysical	Research	Letters,	42(18),	pp.	629	
7648-7654.	630	
Wilton,	D.	J.,	Jowett,	A.	M.	Y.,	Hanna,	E.,	Bigg,	G.	R.,	Van	Den	Broeke,	M.	R.,	Fettweis,	X.	and	631	
Huybrechts,	P.	(2017)	'High	resolution	(1	km)	positive	degree-day	modelling	of	Greenland	ice	632	
sheet	surface	mass	balance,	1870–2012	using	reanalysis	data',	Journal	of	Glaciology,	633	
63(237),	pp.	176-193.	634	
Xu,	Y.,	Rignot,	E.,	Fenty,	I.,	Menemenlis,	D.	and	Flexas,	M.	M.	(2013)	'Subaqueous	melting	of	Store	635	
Glacier,	west	Greenland	from	three-dimensional,	high-resolution	numerical	modeling	and	636	
ocean	observations',	Geophysical	Research	Letters,	40(17),	pp.	4648-4653.	637	
	638	
	639	
